were then pelleted by centrifugation, resuspended to the starting volume with rabbit C' (Type 3, PeI-Freeze Biologicals, Inc., Rogers, Ark.) at a ~0 dilution in MEM-FCS and incubated for an additional 30 min at 37°C. Cells were then washed with MEM-FCS and resuspended in incubation medium for culture.
Preparation of Cells
ADHERENT CELL-DEPLETED SPLEEN (T "at" B) CELLS. Spleen ceils were depleted of adherent accessory cells by passage over G-10 Sephadex columns as previously described (13) . This procedure markedly reduces the percentage of latex-ingesting cells while not significantly altering the percentage of T cells or B cells (11) .
CULTURE CONDITIONS. All cultures were performed in a vol of 200 #l/flat-bottomed well of microtiter plates, and were incubated for 4 d in a 5% CO2-humidified air atmosphere. The medium employed was MEM-FCS supplemented as previously described (11) . Cells were harvested by repeated pipetting, washed, resuspended in Hanks' balanced salt solution, and individual cultures assayed for plaque-forming cells (PFC). The cell number of each individual population employed is indicated for each experiment.
PFC ASSAY. Sheep erythrocytes (SRBC) were conjugated with TNP (TNP-SRBC) by the method of Rittenberg and Pratt 07). Direct IgM PFC to TNP-SRBC were assayed by the slide modification of the Jerne hemolytic plaque technique (18) . The TNP specificity of the PFC generated under these conditions has been described (11) . All points shown in each experiment represent the geometric mean responses of three replicate cultures.
Results

Anti-H-2 and Anti-Ia Reagents Specifically Inhibit Primary Antibody Responses to TNP-KLH.
To assess the functional effect of anti-MHC antibodies on in vitro antibody responses, a broadly specific anti-H-2 reagent was first employed. An anti-H-2 b reagent, with demonstrated specificities for products of K b, I b, and D b, was found to completely inhibit the primary response of unprimed B I0 (H-2 b) spleen cells to TNP-KLH, while having no effect on the response of B 10.A spleen cells (Fig. 1 ). The same anti-H-2 b reagent has known cross-reactivity for a single product of the H-2 d haplotype, identified as a product of/-A d (Ia.8) (7) , and this reagent was found to inhibit the response of BI0.D2 (H-2 d) spleen cells to TNP-KLH (Fig. 1 ). These findings demonstrate that antibodies to MHC products are capable of inhibiting antibody responses. Moreover, they suggest that antibodies directed at more restricted H-2 products, possibly even a single I-A determinant, may be sufficient to inhibit responses. This possibility was further evaluated by investigating the effect of a monoclonal hybridoma anti-Ia reagent with specificity for a single I-A subregion determinant.
A Monoclonal Anti-I-A ~ Reagent Specifically Inhibits Primary Antibody Responses to TNP-KLH.
The effect of a hybridoma anti-I-A k product on primary antibody responses to TNP-KLH was determined for unprimed spleen cells from BI0, B10.A, and the recombinants B10.A(4R), B10.A(5R), and B10.MBR. The H-2 haplotypes of these strains are summarized in Table I . Serial dilutions of the monoclonal anti-I-A k produced profound inhibition of the responses by B10.A, B10.A(4R), and B10.MBR spleen cells, whereas there was no significant effect on responses by B 10 or B 10.A(5R) ( Table I) . These data map the susceptibility to inhibition by anti-I-A k to the I-A subregion, consistent with the serologic specificity of this reagent. Thus, a monoclonal anti-Ia reagent with specificity for a single serologically and biochemically characterized product ofI-A k was sufficient to specifically inhibit antibody responses by spleen cells of the I-A k haplotype. Fig. 2A and B) . The addition of anti-I-A k at a final concentration of 1/10 had no effect upon the ability of these B10 ---* (B 10.A)F1 T cells to cooperate with B 10 (B + accessory) cells (Fig. 2 A) as expected because all of these cells expressed only H-2 b determinants. In contrast, addition of anti-I-A k profoundly inhibited the ability of the same chimera T cells to cooperate with B 10.A (B + accessory) cells (Fig. 2 B (Fig. 4A C) . Because the B10.A SAC were the only cells in these latter cultures that could bind the anti-I-A k reagent, these findings demonstrate that binding of the reagent to appropriate ]-A k determinants on homozygous accessory cells is sufficient to inhibit responsiveness. Moreover, the failure to observe inhibition of the responses reconstituted by (B10 × B10.A)Fz accessory cells that can also bind the anti-I-A k reagent, but which additionally express LA b determinants, strongly suggested that inhibition by anti-I-A k was not mediated by nonspecific inhibition of accessory cell function.
Inhibition by Anti-LA k Occurs through Interaction with B Cells and/or Accessory Cells, and
Inhibition of Primary In Vitro Responses by Anti-I-A k Occurs through Interaction with Accessory Cells, and Does not Occur at the Level of T Cells or B Cells,
Although the presence of I-A k accessory cells was shown by these studies to be sufficient for anti-I-Ak-mediated inhibition, these results do not exclude the possibility that inhibition could also occur by binding of the anti-I-A k reagent to appropriate determinants expressed on the B cell. Indeed, it is important to note that 
Inhibition by Anti-I-A k is Dependent upon Helper T Cell Recognition of I-A k Encoded
FIG. 8. Inhibition by anti-I-A k antibody is dependent upon T cell recognition of I-Ak encoded determinants expressed on accessory cells. 4 × 105 Sephadex G-10 passed and anti-thy-l.2 + C'-treated B10 (B) cells were cultured with no SAC (m) or with 4 × 104 (BI0 X BI0.A)F1 SAC and graded numbers of (B10 × BI0.A)FI ---* B10.A, (kBl0 × BI0.A)FI ~ BI0, or (BI0 × B10.A)FI T cells in the presence (0) or absence (©) of anti-I-A reagent (final concentration 1A0
). TNP-KLH was present at 10/tg/ml. <10 PFC/culture were observed either in the absence of antigen or in cultures devoid of B cells.
T cells from (A × B)Fa ~ parenta chimeras are restricted to recognizing and cooperating with parenta but not parentB accessory cells (6) . Consistent with such data, it was found that the response of G-10 passed (B10 × B10.A)F1 --~ B10 (abbreviated F1 --~ B10) spleen cells was reconstituted by B10 but not B10.A SAC, whereas G-l0 passed F1 ~ B 10.A cells were reconstituted by B 10.A but not B l0 SAC (Fig. 6) ; the responses of both chimera populations were reconstituted by (B10 × B10.A)F1 (Fa) SAC (Fig. 6 ). Because (A × B)F1 --* parentA spleen cells only recognized parent^ accessory cells, it was reasoned that the cooperation of G-10 passed F1 ~ B l0 spleen cells with F1 SAC might be mediated by recognition of H-2 b but not H-2 a determinants on these SAC, whereas cooperation of F1 --~ B 10.A cells with these same SAC might be mediated by recognition of H-2 a but not H-2 b determinants. To study the relationship between anti-I-A k inhibition and MHC-restricted T cell recognition of accessory cells, the effect of anti-I-A k was examined for responses resulting from cooperation between F1 SAC and G-10 passed B10.A--~ F1, F~ ---* B10, or F1 ~ B10.A spleen ceils. Each of the F1 ---* parent chimeric populations was of donor F1 origin, but the two populations differed in their abilities to recognize the parental MHC determinants expressed on accessory cells (Fig. 6) . When anti-I-A k was added to cultures of G-10 passed B10.A--~ F1 or F1 ---* B10 spleen cells and F~ SAC, there was no inhibition of the response to TNP-KLH (Fig. 7) . In contrast, anti-I-A k profoundly inhibited the response of G-10 passed F~ --* B 10.A spleen cells with the same Fx SAC (Fig. 7) . It should be emphasized that the MHC (including I-A k) phenotypes of both FI ~ parent chimera populations were identically F~, so that they differed only in the self MHC receptor repertoire which each functionally expressed. These results suggested that the inhibitory effect of anti-I-A k resulted from its interference with MHCrestricted recognition by lymphocytes of accessory cell Ia determinants required in these antibody responses, so that inhibition with anti-I-A k occured only when lymphocyteS were restricted to recognizing H-2 a products on accessory cells. When lymphocytes were able to recognize either of the two parental ( Because in vitro PFC responses to TNP-KLH require the cooperation of T cells, B cells, and accessory cells, it was possible that Ia antigen expression by any one of these cell populations might be functionally important for these responses. As a result, the inhibition of PFC responses by the monoclonal anti-I-A k reagent could be mediated by its effect on any one or more of these populations. However, it was demonstrated in the present studies that it was both necessary and sufficient for inhibition of antibody responses by anti-I-A k that the I-A k genotype be expressed on accessory cells. Conversely, the binding of anti-I-A k to T cells and/or B cells was neither necessary nor sufficient for inhibition. Because treatment with the same monoclonal anti-I-A k reagent in the presence of C' resulted in complete elimination of functional B cells as well as accessory cells, it is clear that this monoclonal antibody was capable of recognizing a determinant expressed on both B cells and accessory cells, even though functional inhibition of antibody response was mediated only by its interaction with accessory cell determinants. These results suggest that Ia determinants expressed on accessory cells have a unique functional role in the in vitro responses being studied, one not necessarily shared by Ia on B cells.
The functional role of accessory cell Ia was further studied by evaluating the mechanism by which anti-I-A k interaction with accessory cells leads to inhibition of in vitro antibody responses. The possibility that anti-I-A k inhibits responses by activating nonspecific suppressor cells was considered, but could not be demonstrated. The possibility that interaction of anti-I-A k with accessory cell Ia determinants nonspecifically interferes with accessory cell function was not supported, as anti-I-A k failed to inhibit responses by (B10 × B10.A)F1 cells to TNP-KLH. Because cell-cell interactions in the antibody responses being studied here have been shown to be H-2 restricted (6), one model for the function of accessory cell Ia antigens would propose that these determinants are recognized by other cells participating in these responses, and that this recognition provides an activation signal necessary for responses to occur. A test of this hypothesis was based on the previous observation that helper T cells are required to recognize K-or/-A-encoded determinants expressed on accessory cells in order to allow the functional expression ofT cell help (6) . Fa --~ parent chimera T cells were employed that were H-2-restricted in their recognition of accessory cells for the response to TNP-KLH. When the effects of anti-I-A k were examined, it was observed that anti-I-A k antibody inhibited responses only when helper T cells were restricted to recognizing H-2 a (/-Ak), but not H-2b-encoded determinants on F1 accessory cells. These results are consistent with the hypothesis that accessory cell Ia antigens must be recognized by helper T cells for helper T cell activation to occur, and that binding of specific antibodies to accessory cell Ia determinants interferes with this required recognition of accessory cell Ia determinants by T helper cells. Indeed, the most straightforward interpretation of these data is that the I-A k-encoded determinant (Ia antigen) detected on accessory cells by monoclonal anti-Ia antibody and the accessory cell I region determinant that is recognized by helper T cells are expressed on the same molecule, and may represent identical or distinct sites on that molecule. Alternatively, if the Ia determinants detected by anti-I-A k antibody are expressed on molecules distinct from those recognized by T cells, these molecules must be in steric proximity on the cell surface and encoded by closely linked H-2 genes.
The inhibition of immune response by antibodies to Ia determinants has previously been reported by a number of investigators (19) (20) (21) (22) (23) (24) (25) (26) . Using conventional anti-Ia reagents, previous studies have reported inhibition of in vitro antibody responses to be mediated by reagents specific for products of the I-A, I-C, and I-J subregions, and this inhibition has been attributed to effects upon B cells (23) or accessory cells (24, 25) . It is of interest that in the response system employed in the present studies, helper T cell recognition of accessory cell MHC products is required for antibody responses, but that no such requirement exists for T cell recognition of MHC determinants on B cells (6) . The demonstration that an anti-I-A k reagent inhibited antibody responses as a consequence of binding to accessory cell, but not B cell, Ia antigens is thus consistent with the hypothesis that cell surface Ia antigens are of functional importance only when they function as targets for T cell recognition. These findings are also informative for the interpretation of the effects of anti-Ia antibodies on Ir gene controlled responses. It has been reported that anti-Ia antibody directed at responder hapiotype products on (responder × nonresponder)F1 cells inhibited responses under Ir gene control, a finding that suggests that in such responses T cells are restricted to recognizing antigen only in association with responder haplotype products, and that in such circumstances antibody directed against these products is sufficient to inhibit responses by blocking T cell recognition (1).
The present studies have also extended previous findings by demonstrating that a monoclonal hybridoma anti-Ia reagent specific for a single I.A k specificity (Ia. 17) is sufficient to inhibit antibody responses to a multideterminant antigen such as TNP-KLH. This finding can be interpreted in at least three ways: (a) It is possible that the monoclonal anti-Ia. 17 reagent employed is site-specific for the unique sites on the/-A k product molecule recognized by helper T cells for the antibody response to TNP-KLH. (b) Alternatively, the target sites for T cell recognition may be distinct from the site bound by anti-Ia.17, but their distribution on the accessory cell surface may be such that binding by anti-Ia. 17 is sufficient to sterically block these recognition sites. (c) Finally, it is possible that T cell recognition of the I-A k product requires recognition of multiple sites on the product molecule, and that blocking of any one of these sites is sufficient to block effective T cell recognition. If this last mechanism were in fact correct, it might be predicted that most or all antibodies with specificities for sites on the I-A k product molecule would inhibit T cell recognition and would thus inhibit in vitro responses to TNP-KLH. Preliminary studies have demonstrated that not all monoclonal anti-I-A k reagents are inhibitory for antibody responses (data not shown), failing to confirm this prediction. One interpretation of these findings is that the antiIa. 17 reagent used in the present report may have site-specific effects on the I-A k product molecule, although the observed differences among anti-I-A k reagents may equally well be the result of differences in properties such as Ig subclass or antibody affinity. It should also be noted that the present findings do not exclude the possibility that reagents with specificities for non-/-A encoded H-2 products might have similar inhibitory effects upon immune responses. Indeed, it has been observed that some reagents specific for K or D products do inhibit responses, but this inhibition appears to be mediated by mechanisms other than interference with T cell recognition of MHC encoded self determinants (data not shown). Thus, although alternative explanations exist, the results of the present study suggest that the monoclonal anti-I-A k reagent employed might be site-specific for determinants on Ia molecules expressed by accessory cells that are recognized by helper T cells and are required for T cell activation.
The current studies have employed a monoclonal anti-I-A k reagent to study the functional role of Ia antigens in in vitro primary antibody responses. This monoclonal reagent inhibited the responses of I-A k spleen cells through interaction with accessory cell, but not B cell or T cell, I-Ak product. Moreover, this inhibition occurred only when helper T cells were restricted to recognizing products of the I-Ak haplotype expressed on accessory cells. These findings demonstrate that helper T cells recognize Ia determinants on accessory cells, and that such recognition is required for the generation of T cell-dependent antibody responses.
Summary
The functional role of cell surface Ia antigens has been studied for in vitro antibody responses, using as a probe the ability of anti-Ia reagents to inhibit these responses. A hybridoma monoclonal anti-Ia reagent specific for a product of I-A k (Ia. 17) profoundly inhibited in vitro antibody responses to TNP-KLH by spleen cells of the I-A k but not I-A b haplotype. This inhibition by anti-I-A k was shown to occur as a result of interaction with an accessory cell I-A k product, but not by interaction with T or B cell product, in spite of the fact that functional B cells as well as accessory cells could be shown to express the determinant detected by this hybridoma reagent. These results suggest that the Ia expressed by accessory cells is of unique functional importance in these responses.
To further characterize the function of Ia antigens in this response system, the mechanism of anti-I-A k inhibition was determined. 
